Background The use of decompressive craniectomy (DC) as an aggressive therapy for traumatic brain injury (TBI) has gained renewed interest. While age and the Glasgow Coma Scale (GCS) are frequently correlated with outcome in TBI, their prognostic values after decompressive craniectomy are ill-defined. Methods We retrospectively reviewed data from 103 TBI patients treated with DC from 2001 to 2003. Age, preoperative GCS, and injury severity scores were recorded. Outcome at time of discharge was measured with the Glasgow Outcome Scale (GOS). Patients were stratified into the following age groups: <35, 35-49, 50-64, and ≥65 years. Spearman's correlation coefficients between age, GCS, and GOS were calculated for the entire population and each age group. Findings Mortality rates for each age group were 19.2%, 66.7%, 60%, and 80%, respectively. There was a significant negative correlation between age and GOS (r=−0.42, p< 0.0001) and patients <35 years had significantly better outcomes than patients ≥35 years (p<0.0001). The overall correlation between GCS and GOS did not reach significance (r=0.18, p=0.076). When stratified by age, there was a significant correlation between GCS and GOS only in patients 35-49 years (r=0.51, p=0.011). Conclusions This data suggests that in TBI patients treated with DC, age correlates with outcome while the correlation between GCS and outcome is age-dependent.
Introduction
Decompressive craniectomy (DC) in traumatic brain injury (TBI) is typically reserved as a second-tier therapy for patients with medically refractory intracranial hypertension. Recently, however, there has been renewed interest in this procedure as an aggressive therapy for head-injured patients [1, 3] . While it appears that younger patients may benefit the most from DC [11] , predicting outcome after this procedure remains a challenge at any age. The Glasgow Coma Scale (GCS), initially developed as a rating scale for severity of brain injury [14] , strongly correlates with mortality and functional outcome after TBI [10, 15] . Although there is evidence that the motor component of the GCS is a more reliable measure of injury severity [9] , the full GCS score remains the standard, especially during the initial assessment of head-injured patients. Evidence also suggests that the predictive value of GCS is age-dependent [4] . The prognostic values and interaction of age and preoperative GCS, however, are not known in patients treated with DC, in whom the initial assessment is often critical in the decision to operative. We present our experience with a large number of TBI patients treated with DC.
Patients and methods
We conducted a retrospective review of 103 consecutive TBI patients treated with DC at San Francisco General Hospital, an urban level I trauma center, between 2001 and 2003. Surgical criteria for TBI patients included evidence of a focal lesion with midline shift or compression of the basal cisterns and the presence of any brainstem function. Patients with only epidural hematomas or with penetrating head wounds were excluded. Complete hospital records for each patient were reviewed and age, injury severity scores (ISS), and GCS scores were recorded. GCS scores were obtained from emergency department records and neurosurgery preoperative reports. The highest of these scores for each patient was used in our analysis. Glasgow Outcome Scale (GOS) scores at time of discharge were determined by review of discharge summaries and physical therapy consultation notes and were obtained blinded to GCS and age group.
Spearman's correlation coefficients were calculated between age, GCS, and GOS. Patients were then stratified by age into the following four groups: <35, 35-49, 50-64, and ≥65 years. The Kruskal-Wallis one-way ANOVA test was used to compare ISS, GCS, and GOS among age groups and Spearman's correlation coefficients between GCS and GOS were then calculated for each group. This study was approved by the Institutional Review Board of the University of California, San Francisco.
Results
During the 3-year study period, we obtained complete data for 95 patients who were treated with DC for nonpenetrating head trauma resulting in subdural hematomas, intraparenchymal contusions, or combinations thereof. Ages ranged from 13 to 88 years with an average of 47.7±17.9 (standard deviation). Median preoperative GCS was 8 (interquartile range 4-12) and mean ISS was 29.2± 7.9. Overall, there was a significant negative correlation between age and outcome (r=−0.42, p<0.0001). The correlation between GCS and outcome, however, did not reach significance (r=0.18, p=0.076).
When stratified by age, there were no significant differences in preoperative GCS among age groups (p=0.76). However, a significant difference in ISS was observed between patients aged <35 years (31.9±7.9) and those aged 50-64 years (26.5±3.6, p<0.05, Dunn's post test), indicating that the younger age group had more severe injuries. Patient's aged <35 years also had significantly better outcomes than each of the three older age groups (p< 0.0001). Mortality for each age group was 19.2%, 66.7%, 60%, and 80%, respectively. There was a significant positive correlation between GCS and outcome in patients aged 35-49 years (r=0.51, p=0.011) . In each of the other age groups, this correlation was not significant (Table 1) .
Discussion
Accurate prognosis of the head-injured patient is critical for subsequent management, especially when aggressive therapies such as surgical decompression are being considered. In this study of TBI patients treated with DC, we examined the prognostic values of age and preoperative GCS and demonstrate a significant negative correlation between age and outcome. The correlation between GCS and outcome, however, is age-dependent and only significant in patients aged 35-49 years. 
